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&KORURSK\OODIOXRUHVFHQFHLQGXFWLRQPHDVXUHPHQWVϭϰϬ
&KORURSK\OOD IOXRUHVFHQFH ZDV PHDVXUHG XVLQJ D SXOVH DPSOLWXGH PRGXODWHGϭϰϭ
IOXRURPHWHU ,PDJLQJ3$0 06HULHV )OXRURPHWHU :DO] (IIHOWULFK *HUPDQ\ 7KHϭϰϮ
PD[LPXPTXDQWXP\LHOG RI36,, SKRWRFKHPLVWU\ )Y)PZDV FDOFXODWHG DV)Y)P   )Pϭϰϯ
))PZKHUH)PLVWKHPD[LPDOIOXRUHVFHQFHLQGXFHGE\DVDWXUDWLQJIODVKȝPROPϭϰϰ
V 33)' IRU V LQ OHDYHVGDUNDGDSWHG IRUPLQ DQG) LV WKHPLQLPXPFKORURSK\OOϭϰϱ
IOXRUHVFHQFH \LHOG LQ WKH GDUN 33)'  ȝPROP V 7KH HIIHFWLYH 36,, TXDQWXP \LHOGϭϰϲ
ǻ))P¶ ZKLFK UHSUHVHQWV WKH SURSRUWLRQ RI DEVRUEHG OLJKW HQHUJ\ FRQVXPHG LQϭϰϳ
SKRWRFKHPLVWU\ZDVPHDVXUHGDWDOLJKWLQWHQVLW\RIȝPROP V DQGFDOFXODWHGDV)P¶ϭϰϴ
))P¶ZKHUH)P¶ LV WKHPD[LPDO IOXRUHVFHQFH OHYHO LQGXFHGE\DVDWXUDWLQJ OLJKWSXOVH LQϭϰϵ
WKH VWHDG\ VWDWH OLJKWDGDSWHG VWDWH DQG ) LV WKH VWHDG\ VWDWH FKORURSK\OO IOXRUHVFHQFHϭϱϬ
ϳLPPHGLDWHO\ SULRU WR WKH IODVK 0HDVXUHPHQWV ZHUH SHUIRUPHG RQ WKH ODVW IXOO\ H[SDQGHGϭϱϭ
OHDYHVϭϱϮ
ϭϱϯ
 'HWHUPLQDWLRQRIJURZWKELRPDUNHUV DQG &GFRQWHQWVϭϱϰ
0HDVXUHPHQWV ZHUHPDGHRQ WKHURRWDQGVKRRWOHQJWKDQGWKHIUHVKZHLJKWRIWKHURRWϭϱϱ
DQG VKRRW 7KH  &G FRQWHQW  LQ  WKH  OHDYHV  DQG URRWV ZDV  GHWHUPLQHG  IURP  DLUGULHGϭϱϲ
VDPSOHVDSSUR[JRIHDFKVDPSOHXVLQJWKHLQGXFWLYHO\FRXSOHGSODVPDDWRPLFϭϱϳ
HPLVVLRQVSHFWURPHWU\PHWKRG,&3$(6-RELQ<YRQ8OWLPDVHTXHQWLDOLQVWUXPHQWϭϱϴ
DIWHUPLFURZDYH7HIORQERPEGLJHVWLRQZLWKFF+12+&O$QWRQHWDOϭϱϵ
ϭϲϬ
 3UROLQHFRQWHQWϭϲϭ
7KH SUROLQH FRQWHQW ZDV GHWHUPLQHG RQ WKH EDVLV RI LWV UHDFWLRQ ZLWK QLQK\GULQϭϲϮ
DFFRUGLQJWRWKH%DWHVPHWKRG%DWHVHWDOϭϲϯ
ϭϲϰ
 (Q]\PHDVVD\Vϭϲϱ
)RUWKHDQDO\VLVRIDQWLR[LGDQWHQ]\PHDFWLYLW\JWLVVXH IUHVKOHDYHVRUURRWV ZDVϭϲϲ
KRPRJHQL]HG LQP/ LFHFROG7ULV+&OEXIIHU 0S+ FRQWDLQLQJP00J&Oϭϲϳ
DQGP0('7$DQGPHDVXUHPHQWVZHUHSHUIRUPHGDVGHVFULEHGE\ 3iOHWDO7KHϭϲϴ
DVFRUEDWH SHUR[LGDVH $3; (&  DFWLYLW\ RI WKH H[WUDFW ZDV PHDVXUHGϭϲϵ
VSHFWURSKRWRPHWULFDOO\ E\ PRQLWRULQJ WKH GHFUHDVH LQ DEVRUEDQFH DW  QP ZKLOH WKHϭϳϬ
FDWDODVH &$7 (&DFWLYLW\ZDVGHWHUPLQHGE\ WKHGHFUHDVH LQDEVRUEDQFHDWϭϳϭ
QP7KHJXDLDFROSHUR[LGDVH*32' (&DFWLYLW\ZDVGHWHUPLQHGDWQPDQGϭϳϮ
WKHJOXWDWKLRQHUHGXFWDVH*5 (&DFWLYLW\DWQP7KHJOXWDWKLRQH6WUDQVIHUDVHϭϳϯ
*67 (&DFWLYLW\ZDVPHDVXUHGE\PRQLWRULQJFKDQJHVLQ WKHDEVRUEDQFHDWϭϳϰ
QP$QWLR[LGDQWHQ]\PHDFWLYLWLHV ZHUH H[SUHVVHGLQQNDWDOJ IUHVKZHLJKW):ϭϳϱ
ϴϭϳϲ
 3$ DQDO\VLVϭϳϳ
7KHDQDO\VLVZDVFDUULHGRXWDVGHVFULEHGE\1pPHWKHWDO7KHIUHHIUDFWLRQRIϭϳϴ
3$VQDPHO\38763'DQG630 ZHUHDQDO\VHGDVGDQV\ODWHGGHULYDWLYHVYLD+3/&XVLQJDϭϳϵ
: VHSDUDWLRQ PRGXOH RQ D UHYHUVH SKDVH FROXPQ .LQHWH[ & P  [  PPϭϴϬ
3KHQRPHQH[ ,QFDQGD:VFDQQLQJIOXRUHVFHQFHGHWHFWRUZLWKH[FLWDWLRQDWQPDQGϭϴϭ
HPLVVLRQDWQP:DWHUV0LOIRUG0$86$ϭϴϮ
ϭϴϯ
 'LDPLQHR[LGDVHDQGSRO\DPLQHR[LGDVHHQ]\PHDFWLYLWLHVϭϴϰ
7KHHQ]\PHDFWLYLWLHVRIGLDPLQHR[LGDVH'$2(&DQGSRO\DPLQHR[LGDVHϭϴϱ
3$2(&ZHUHHVWLPDWHGE\ WKHPHWKRGRI7DNiFVHW DO  DQGH[SUHVVHGDVϭϴϲ
HQ]\PHXQLWVSHUJIUHVKZHLJKW8J ):ϭϴϳ
ϭϴϴ
 6$ H[WUDFWLRQDQGDQDO\WLFDOSURFHGXUHϭϴϵ
6$ H[WUDFWLRQ DQG DQDO\VLV ZHUH SHUIRUPHG DFFRUGLQJ WR 3iO HW DO  $IWHUϭϵϬ
VHSDUDWLRQRQDUHYHUVHSKDVHFROXPQ$%=[PPPP6XSHOFR%HOOHIRQWH86$ϭϵϭ
6$ZDV TXDQWLILHG IOXRULPHWULFDOO\ H[FLWDWLRQ  QP HPLVVLRQ  QP XVLQJ D:ϭϵϮ
IOXRUHVFHQFHGHWHFWRU :DWHUV86$ϭϵϯ
ϭϵϰ
 *HQHH[SUHVVLRQDQDO\VLVϭϵϱ
)RU WKH JHQH H[SUHVVLRQ DQDO\VLV IXOO\ GHYHORSHG OHDI DQG URRW VDPSOHVZHUH FROOHFWHG LQϭϵϲ
WKUHH ELRORJLFDO UHSOLFDWHV (DFK ELRORJLFDO UHSOLFDWH ZDV SUHSDUHG ZLWK WKUHH WHFKQLFDO UHSHWLWLRQVϭϵϳ
7RWDO51$ZDVH[WUDFWHG IURPVDPSOHVXVLQJ75,5HDJHQWDIWHUZKLFK WKH VDPSOHVZHUH WUHDWHGϭϵϴ
ZLWK'1DVH , FOHDQHGZLWK D'LUHFW]RO51$0LQL3UHS.LW =\PR5HVHDUFK ,UYLQH&$86$ϭϵϵ
DFFRUGLQJ WR WKHPDQXIDFWXUHU¶V LQVWUXFWLRQV7KHSXULW\DQGFRQFHQWUDWLRQRI51$ZDVDVVHVVHGE\ϮϬϬ
XVLQJ 1DQRGURS  6SHFWURSKRWRPHWHU 7KHUPR 6FLHQWLILF :LOPLQJWRQ '( 86$ DQG WKHϮϬϭ
ϵVDPSOHVZHUH DOVR UXQRQDJDURVHJHO VWDLQHGZLWK HWKLGLXPEURPLGH WR FKHFN WKH LQWHJULW\RI WRWDOϮϬϮ
51$ F'1$ V\QWKHVLV ZDV PDGH IURP  J RI WRWDO 51$ XVLQJ 00/9 5HYHUVH 7UDQVFULSWDVHϮϬϯ
3URPHJD &RUSRUDWLRQ 0DGLVRQ :, 86$ *HQHVSHFLILF SULPHUV $'& 2'& DQG 3&6 DQGϮϬϰ
KRXVHNHHSLQJSULPHUV7D3DRODFFLHWDO6XSSO7DEOH3&5%,26\*UHHQ0L[3&5ϮϬϱ
%LRV\VWHPV /RQGRQ 8. DQG D &); 7RXFK 5HDO7LPH 3&5 'HWHFWLRQ 6\VWHP %LR5DGϮϬϲ
+HUFXOHV &$ 86$ ZHUH XVHG IRU WKH TXDQWLWDWLYH UHDOWLPH 3&5 UHDFWLRQ 7KH UHODWLYH JHQHϮϬϳ
H[SUHVVLRQYDOXHVZHUHGHWHUPLQHGZLWKWKHǻ&WPHWKRG7KUHVKROGF\FOH&WYDOXHVZHUHQRUPDOL]HGϮϬϴ
XVLQJWKH&WYDOXHVRIKRXVHNHHSLQJJHQH7DHQFRGLQJSKRVSKRJOXFRQDWHGHK\GURJHQDVHϮϬϵ
ϮϭϬ
 6WDWLVWLFDODQDO\VLVϮϭϭ
7KH UHVXOWV ZHUH WKH PHDQV RI DW OHDVW ILIW\ UHSOLFDWHV IRU HDFK WUHDWPHQW IRU WKHϮϭϮ
ELRPDVV SDUDPHWHUV DQG RI  UHSOLFDWHV IRU WKH &G FRQWHQW HQ]\PH DFWLYLW\ DQG +3/&Ϯϭϯ
DQDO\VLV7KHGDWDZHUHVWDWLVWLFDOO\HYDOXDWHGXVLQJWKHVWDQGDUGGHYLDWLRQDQGWWHVW PHWKRGVϮϭϰ
Ϯϭϱ
 5HVXOWVϮϭϲ
 %LRPDVV SDUDPHWHUV FKORURSK\OO FRQWHQW FKORURSK\OOD IOXRUHVFHQFH SDUDPHWHUVϮϭϳ
FDGPLXPDQGSUROLQHFRQWHQWVϮϭϴ
,Q WKH ILUVW H[SHULPHQW VHHG VRDNLQJ WKH ELRPDVV SDUDPHWHUV VKRZHG WKDW &GϮϭϵ
WUHDWPHQW GUDPDWLFDOO\ GHFUHDVHG WKH VKRRW DQG URRW JURZWK DQG GHYHORSPHQW RI ZKHDWϮϮϬ
VHHGOLQJV 7DEOH7KH387VVWUHDWPHQW GLGQRWLQIOXHQFH WKHJURZWKSDUDPHWHUV DQG63'VVϮϮϭ
RQO\LQGXFHGDVOLJKW EXWVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQ WKHVKRRWOHQJWK 7KHFRPELQHGϮϮϮ
WUHDWPHQW387VV&GGHFUHDVHGWKHQHJDWLYHHIIHFWRI&GRQVKRRWDQGURRWOHQJWKDQGVKRRWϮϮϯ
): ZKLOH 63'VV RQO\ DOOHYLDWHG WKH &GLQGXFHG GHFUHDVH LQ VKRRW ): &G DSSOLFDWLRQϮϮϰ
VLJQLILFDQWO\ LQFUHDVHG WKH&G FRQWHQW LQ ERWK RI WKH OHDYHV DQG URRWV RIZKHDW SODQWV DQGϮϮϱ
VLPLODUYDOXHVZHUH DOVR UHFRUGHGDIWHU WKH387VV&GDQG63'VV&G WUHDWPHQWV 7DEOHϮϮϲ
&G WUHDWPHQW GHFUHDVHG WKH FKORURSK\OO FRQWHQW DQG WKH RSWLPDO )Y)P DQG HIIHFWLYHϮϮϳ
ϭϬ
'))P¶TXDQWXP\LHOGRI36,,KRZHYHU WKLVZDVDOOHYLDWHGE\387VVDQGHYHQPRUHE\ϮϮϴ
63'VV 7KHSUROLQHFRQWHQWLQFUHDVHGLQWKHURRWVRISODQWVSUHWUHDWHGZLWK387VV RU 63'VVϮϮϵ
&G WUHDWPHQW DOVR LQFUHDVHG LWV OHYHO LQ WKH URRWV EXW QR DGGLWLYH HIIHFW RI WKH FRPELQHGϮϯϬ
WUHDWPHQWV387VV&GRU636VV&GZDVIRXQG7DEOH 1HLWKHU3$SUHWUHDWPHQWQRU &GϮϯϭ
WUHDWPHQWDORQHLQIOXHQFHG WKHSUROLQHOHYHO LQWKHOHDYHVZKLOHWKH387VV&GDQG63'VV&GϮϯϮ
WUHDWPHQWVLQFUHDVHGLWϮϯϯ
,Q WKH VHFRQG H[SHULPHQWZKHQGD\ROGSODQWVZHUH H[SRVHG WR GD\VRI&GϮϯϰ
VWUHVV VLJQLILFDQWO\GHFUHDVHLQWKHFKORURSK\OOFRQWHQW WKH)Y)PDQG'))P¶ FKORURSK\OODϮϯϱ
IOXRUHVFHQFHSDUDPHWHUV LQWKHOHDYHVZKLOHLQFUHDVH LQWKH SUROLQHFRQWHQWLQWKHURRWV ZHUHϮϯϲ
GHWHFWHG +\GURSRQLFDOO\ DSSOLHG P0387SUHWUHDWPHQWIRUGD\VLQGXFHGJUHDWHUVKRRWϮϯϳ
DQGURRWGHYHORSPHQWPDQLIHVWHGPDLQO\LQ WKHVKRRWDQG URRW OHQJWKSDUDPHWHUV7DEOHϮϯϴ
7KHSRVLWLYHHIIHFWRI387GXULQJ &GVWUHVVZDVSURYHGE\WKHVKRRWELRPDVVSDUDPHWHUVDVϮϯϵ
WKH 387K\G&GSODQWVKDGORQJHUVKRRWVWKDQ WKH&GWUHDWHGSODQWVDQGHYHQWKDQWKHFRQWUROϮϰϬ
7KHFKORURSK\OOFRQWHQWDQG'))P¶ SDUDPHWHUZHUH KLJKHUDIWHU387K\G&GWUHDWPHQWWKDQϮϰϭ
DIWHU &GDORQH ,QFRPSDULVRQZKHQP063' ZDVDSSOLHGDORQH LWKDGDQHJDWLYHHIIHFWϮϰϮ
RQ URRWJURZWK DQGFKORURSK\OO FRQWHQW DQG LQGXFHGKLJKSUROLQHDFFXPXODWLRQ LQERWK WKHϮϰϯ
OHDYHVDQGURRWV IXUWKHUPRUH 63'K\G SUHWUHDWPHQWHQKDQFHGWKHHIIHFWRI&GDVWKHORZHVWϮϰϰ
ELRPDVVYDOXHV DQGFKORURSK\OOFRQWHQW DQGWKHKLJKHVWSUROLQHDFFXPXODWLRQZHUH UHFRUGHGϮϰϱ
DIWHU63'K\G&GWUHDWPHQW 7KHKLJKHVW&GDFFXPXODWLRQZDVIRXQGLQWKHOHDYHVDQGURRWVϮϰϲ
RI 63'K\G&GWUHDWHG SODQWV +RZHYHU WKH 387K\G&G WUHDWPHQW UHVXOWHG LQ D URRW &GϮϰϳ
FRQWHQWVLPLODUWRWKDWRISODQWVWUHDWHGZLWK&GDORQHZKLOHWKHOHDI&GFRQWHQWZDVKLJKHUϮϰϴ
7DEOHϮϰϵ
ϮϱϬ
 $QWLR[LGDQWHQ]\PHDFWLYLWLHVϮϱϭ
ϭϭ
&GWUHDWPHQWXVXDOO\LQGXFHV R[LGDWLYHVWUHVVLQSODQWV ,QWKHVHHGVRDNLQJH[SHULPHQWϮϱϮ
LWUHVXOWHGLQLQFUHDVHG*5&$7$3;DQG*32'DFWLYLWLHV ZKLFKZHUH PRUHSURQRXQFHGϮϱϯ
LQ WKH OHDYHV WKDQ LQ WKH URRWV LQ WKHFDVHRI*5$3;DQG*32' 3$VDSSOLHGDORQHDVϮϱϰ
VHHGVRDNLQJKDGQR LQIOXHQFH RQ WKHVHHQ]\PHV7DEOH EXWDIWHU&GWUHDWPHQWWKHSRVLWLYHϮϱϱ
HIIHFWVRI387DQG63'VHHGSUHWUHDWPHQWVZHUHPDQLIHVWHGLQWKHORZHUDFWLYLW\RI&$7LQϮϱϲ
WKH OHDYHV DQG URRWV $3; LQ WKH OHDYHV DQG *67 LQ WKH URRWV VXJJHVWLQJ ORZHU OHYHO RIϮϱϳ
GDPDJH7KHVHUHVXOWV WRJHWKHUZLWKWKHELRPDVVDQGSKRWRV\QWKHVLVSDUDPHWHUV VXJJHVWWKDWϮϱϴ
SUHWUHDWPHQW RI WKH VHHGVZLWK 387RU 63' UHGXFHG WKH DGYHUVH HIIHFW RI&G WR D FHUWDLQϮϱϵ
H[WHQWϮϲϬ
,QWKHVHFRQGH[SHULPHQW&GVWUHVVDOVR LQGXFHG*32'DFWLYLW\LQWKHOHDYHVDQG*5Ϯϲϭ
&$7 DQG$3; DFWLYLW\ LQ WKH URRWV 7DEOH  3$ WUHDWPHQWV DORQH DSSOLHG K\GURSRQLFDOO\ϮϲϮ
LQIOXHQFHG WKH DQWLR[LGDQW HQ]\PHV DFWLYLWLHV DV 387K\G SUHWUHDWPHQW GHFUHDVHG WKH OHDIϮϲϯ
&$7DQG$3;DFWLYLW\ZKLOH63'K\G SUHWUHDWPHQWWHQGHGWRLQGXFHWKHDQWLR[LGDQWV\VWHPϮϲϰ
OHDGLQJ WR LQFUHDVHG *5 DQG *67 DFWLYLW\ LQ WKH URRWV VXJJHVWLQJ WKDW 63' VWUHVVHG WKHϮϲϱ
SODQWV 6LPLODU DQWLR[LGDQW HQ]\PH DFWLYLWLHV ZHUH REVHUYHG LQ WKH 387K\G&G DQG &GϮϲϲ
WUHDWPHQWVZKLOH WKH63'K\G&G WUHDWPHQW UHVXOWHG LQ WKHKLJKHVW*5*67$3;DQG*Ϯϲϳ
32'DFWLYLWLHV LQ WKHURRWVVXJJHVWLQJJUHDWHU UHVSRQVH WRR[LGDWLYHSUHVVXUHDV DQDGGLWLYHϮϲϴ
HIIHFWRI63'DQG&GϮϲϵ
ϮϳϬ
 &KDQJHVLQ3$ FRQWHQW DQGFDWDEROLVPϮϳϭ
6RDNLQJVHHGV LQ387DQG63'DORQHLQGXFHGYDULRXVFKDQJHVLQWKH3$ FRQWHQWVϮϳϮ
7KH 387VV WUHDWPHQW GLG QRW VLJQLILFDQWO\ LQIOXHQFH WKH 387 63' RU 630 OHYHOV LQ WKHϮϳϯ
OHDYHVEXWGHFUHDVHG WKH387OHYHO LQ WKHURRWV ,QFRQWUDVW 63'VV WUHDWPHQW LQFUHDVHG WKHϮϳϰ
DPRXQWVRI387DQG 630LQWKHOHDYHVUHYHDOLQJWKHIXQFWLRQLQJ RIWKH3$F\FOH)LJ $Ϯϳϱ
& &G VWUHVV FDXVHG D JUHDW DFFXPXODWLRQ RI387 LQ ERWK WKH OHDYHV DQG URRWV EXW KDUGO\Ϯϳϲ
ϭϮ
LQIOXHQFHG WKH OHYHO RI KLJKHU 3$V 63' RU 630 DV RQO\ VOLJKW WKRXJK VWDWLVWLFDOO\Ϯϳϳ
VLJQLILFDQWGHFUHDVHLQURRW63'DQGOHDI630FRQFHQWUDWLRQZHUHREVHUYHG)LJ$& &GϮϳϴ
LQGXFHG LQFUHDVHV LQ WKH 387 OHYHO ZDV DOVR IRXQG LQ 387VV&G DQG 63'VV&GWUHDWHGϮϳϵ
SODQWV,QWKHFDVHRIWKHOHDYHVRI387VV&GWUHDWHGSODQWVWKLVLQFUHPHQWZDVWHQGHQWLRXVO\ϮϴϬ
EXW QRW VWDWLVWLFDOO\ VLJQLILFDQWO\ ORZHU FRPSDUHG WR WKH RWKHU &G WUHDWPHQWV &G RUϮϴϭ
63'VV&G)LJ$&ϮϴϮ
7KH '$2 DQG 3$2 DFWLYLWLHV LQ WKH OHDYHV ZHUH KDUGO\ LQIOXHQFHG E\ WKHϮϴϯ
WUHDWPHQWVH[FHSWIRU3$VHHGVRDNLQJDORQHZKHUHWKH'$2DFWLYLW\GHFUHDVHGLQWKH387VVϮϴϰ
DQGLQFUHDVHGLQ WKH63'VV WUHDWPHQW 7DEOH ,QWKHURRWV&GWUHDWPHQWHLWKHUDORQHRU LQϮϴϱ
FRPELQDWLRQZLWK3$VGHFUHDVHGWKH'$2DFWLYLW\7KHORZHVWURRW'$2DQG3$2DFWLYLWLHVϮϴϲ
ZHUH REVHUYHG LQ WKH FDVHRI WKH387VV&G WUHDWPHQWZKLOH WKH63'VVSUHWUHDWPHQW RQO\Ϯϴϳ
VOLJKWO\DOOHYLDWHGWKHGHFUHDVLQJHIIHFWRI&GVWUHVV7DEOHϮϴϴ
7KH387K\G DQG63'K\G WUHDWPHQWVDORQH LQFUHDVHG WKHHQGRJHQRXV3$FRQWHQWϮϴϵ
38763'DQGHYHQ630HVSHFLDOO\LQWKHURRWV)LJ')VKRZLQJ WKDWWKH387RU63'ϮϵϬ
WDNHQ XS E\ ZKHDW SODQWV LV PHWDEROLVHG LQ WKH 3$ F\FOH $PRQJ WKH 3$V WKH PRVWϮϵϭ
SURQRXQFHGFKDQJHVZHUHREVHUYHG LQ WKH387FRQWHQW%HVLGHV WKH3$SUHWUHDWPHQWV&GϮϵϮ
DOVR LQFUHDVHG WKH 387 OHYHO LQ WKH OHDYHV DQG URRWV DQG WKH FRPELQHG WUHDWPHQWVϮϵϯ
387K\G&G RU 63'K\G&G ZHUH IRXQG WR KDYH DQ DGGLWLYH HIIHFW ZLWK WKH KLJKHVWϮϵϰ
DFFXPXODWLRQRI387LQWKH63'K\G&GWUHDWPHQWϮϵϱ
$VDOVRIRXQGLQWKHILUVWH[SHULPHQWVHHGVRDNLQJWUHDWPHQW387SUHWUHDWPHQWϮϵϲ
GHFUHDVHG EXW &G GLG QRW FKDQJH WKH '$2 DFWLYLW\ LQ WKH OHDYHV VWDWLVWLFDOO\ VLJQLILFDQWO\Ϯϵϳ
FRPSDUHG WR WKH FRQWURO SODQWV 7DEOH  +RZHYHU OHDI '$2 DFWLYLW\ ZDV ORZHU LQϮϵϴ
63'K\G&GWKDQLQSODQWVWUHDWHGRQO\ZLWK&GZKLFKZDVDOVRPDQLIHVWHGLQWKHORZHU&GϮϵϵ
LQGXFHGLQFUHPHQWRI387LQWKHOHDYHV 1RQHRIWKHWUHDWPHQWVLQIOXHQFHG WKH'$2DFWLYLW\ϯϬϬ
ϭϯ
LQWKHURRWVRU WKH3$2DFWLYLW\LQWKHOHDYHVDQGRQO\&G HLWKHUDORQHRULQFRPELQDWLRQZLWKϯϬϭ
63'SUHWUHDWPHQW LQFUHDVHG WKHURRW3$2DFWLYLW\ϯϬϮ
ϯϬϯ
 6$ FRQWHQWϯϬϰ
3$ SUHWUHDWPHQWV DSSOLHG DV VHHG VRDNLQJ GLG QRW LQIOXHQFH WKH 6$ FRQWHQW &GϯϬϱ
DORQH LQGXFHGDGUDPDWLFDFFXPXODWLRQRI6$LQERWKWKHIUHHDQGERXQG IRUPVLQWKHOHDYHVϯϬϲ
ZKLOH LW RQO\ LQFUHDVHG WKH ERXQG IRUP LQ WKH URRWV )LJ $% +RZHYHU ZKHQ 3$ SUHϯϬϳ
WUHDWPHQWSUHFHGHGWKH&GVWUHVVWKHUHZDVDOHVVSURQRXQFHGLQFUHDVHLQWKH 6$LQWKHOHDYHVϯϬϴ
ZLWKWKHORZHVW6$OHYHOLQWKHFDVHRIWKH63'VV&G WUHDWPHQWϯϬϵ
387K\G SUHWUHDWPHQWGHFUHDVHGWKH6$FRQWHQWHVSHFLDOO\LQWKHERXQGIRUPERWKϯϭϬ
LQWKHOHDYHVDQGURRWVZKLOH63'K\GGLGQRWLQIOXHQFHLW)LJ'(&GVWUHVVLQGXFHG6$ϯϭϭ
DFFXPXODWLRQLQWKHOHDYHVRIZKHDW:KHQ387SUHWUHDWPHQWSUHFHGHG&GVWUHVVORZHUOHDIϯϭϮ
6$FRQWHQWZDVGHWHFWHGHVSHFLDOO\LQWKHERXQGIRUPZKLOHLQWKHFDVHRIWKH63'K\G&Gϯϭϯ
WUHDWPHQW D KLJKHU URRW OHYHO RI ERWK IUHH DQGERXQG6$ZDV IRXQG FRPSDUHG WR&G VWUHVVϯϭϰ
DORQHϯϭϱ
ϯϭϲ
 *HQHH[SUHVVLRQϯϭϳ
7KHWUDQVFULSWLRQ OHYHOV RI$'&DQG2'&JHQHVHQFRGLQJWKHV\QWKHVLVHQ]\PHVRIϯϭϴ
387VKRZHGGLIIHUHQWSDWWHUQ$'&VKRZHGKLJKHUOHYHORIH[SUHVVLRQWKDQ2'&&KDQJHVϯϭϵ
LQWKHJHQHH[SUHVVLRQOHYHORIWKHPZHUH GHSHQGHG RQWKHW\SHRIWKH3$WUHDWPHQWV387RUϯϮϬ
63'DV VHHG VRDNLQJ DORQH GLG QRW LQIOXHQFH WKH H[SUHVVLRQ RI HLWKHU$'&RU2'&ZKLOHϯϮϭ
ZKHQZHUHDSSOLHGK\GURSRQLFDOO\ WKHVH3$VVLJQLILFDQWO\LQFUHDVHGWKHH[SUHVVLRQOHYHORIϯϮϮ
$'&EXWQRW2'& )LJ$&&GVWUHVVDOVRLQFUHDVHGWKHOHYHORI$'&WUDQVFULSW LQERWKϯϮϯ
RIWKH H[SHULPHQWV VHHGVRDNLQJDQGK\GURSRQLFWUHDWPHQWV )LJ$%+RZHYHULQFDVHϯϮϰ
RIWKHFRPELQHGWUHDWPHQWV3$VHHGVRDNLQJHVSHFLDOO\63'VV&GLQFUHDVHGWKH$'&DQGϯϮϱ
ϭϰ
2'&H[SUHVVLRQZKLOHLQWKHK\GURSRQLFWUHDWPHQWORZHUWUDQVFULSWLRQ OHYHOV ZHUH IRXQGLQϯϮϲ
WKH OHDYHVRI387K\G&G DQG63'K\G&GWUHDWHGSODQWV WKDQ LQ WKH&GWUHDWHGRQHV)LJϯϮϳ
%'ϯϮϴ
,Q WKH ILUVW H[SHULPHQW RQO\ 387VV SUHWUHDWPHQW GHFUHDVHG WKH H[SUHVVLRQ OHYHO RIϯϮϵ
3&6JHQH LQ WKH OHDYHVZKLOH QR VLJQLILFDQW FKDQJHVZHUH IRXQG DIWHU&G WUHDWPHQWV )LJϯϯϬ
(,QWKHVHFRQGH[SHULPHQWDOWKRXJK387K\GRU63'K\GSUHWUHDWPHQWDQG&GVWUHVVKDGϯϯϭ
QRLQIOXHQFHRQWKHH[SUHVVLRQRIWKH3&6JHQH63'SUHWUHDWPHQWLQFRPELQDWLRQZLWK&GϯϯϮ
VLJQLILFDQWO\GHFUHDVHGLWLQWKHOHDYHVRIWKHGD\ROG ZKHDWSODQWV)LJ)ϯϯϯ
ϯϯϰ
 'LVFXVVLRQϯϯϱ
0DQ\ VWXGLHV KDYH UHSRUWHG DQ LQFUHDVHG OHYHO RI 3$V ZKHQ SODQWV DUH H[SRVHG WRϯϯϲ
DELRWLF VWUHVV FRQGLWLRQV IXUWKHUPRUH HQKDQFHG DELRWLF WROHUDQFH KDV EHHQ UHSRUWHG DIWHUϯϯϳ
YDULRXV 3$ WUHDWPHQWV PDLQO\ GXH WR 3$V DFWLQJ DV DQWLR[LGDQWV RU LQIOXHQFLQJ WKHϯϯϴ
DQWLR[LGDQW V\VWHP *KRVKHW DO  3DUYLQ HW DO +RZHYHU UHFHQW UHYLHZV KDYHϯϯϵ
LQGLFDWHG WKDW 3$V DUH NH\ FRPSRXQGV LQ VLJQDOOLQJ LQWHUDFWLQJ ZLWK HQGRJHQRXV SODQWϯϰϬ
KRUPRQHV DQGLQIOXHQFLQJ VHYHUDOGHIHQFHPHFKDQLVPV HYHQ DWWKHJHQHH[SUHVVLRQOHYHO/LXϯϰϭ
HWDO0LOOHU)OHPLQJHWDO3iOHWDOϯϰϮ
3$VDUHXVXDOO\FRQVLGHUHGWREH VLPLODUPROHFXOHV ZLWKURERUDQW DQGSURWHFWLYHUROHVϯϰϯ
+RZHYHU QRWRQO\PD\GLIIHUHQW3$V KDYHGLIIHUHQWHIIHFWV EXW WKHHIIHFWPD\ DOVRYDU\DVDϯϰϰ
IXQFWLRQRIWKHW\SHRIWUHDWPHQW,QWKHSUHVHQWH[SHULPHQWWKHSURWHFWLYHHIIHFWRI387DQGϯϰϱ
63' XVHGLQWKHVDPHFRQFHQWUDWLRQ ODUJHO\GHSHQGHG RQWKHW\SHRIWUHDWPHQW%RWK387DQGϯϰϲ
63'ZHUH HIIHFWLYHDJDLQVW&G VWUHVV LQZKHDWZKHQXVHGIRU VHHGVRDNLQJEXWRQO\ 387ZDVϯϰϳ
EHQHILFLDOLQWKHFDVHRI K\GURSRQLFSUHWUHDWPHQW7KHSRVLWLYHHIIHFWRIWKH387VV WUHDWPHQWϯϰϴ
ZDV PDQLIHVWHG PDLQO\ DV DQ LQFUHDVH LQ ELRPDVV SDUDPHWHUV WKDW RI 63'VV DV LPSURYHGϯϰϵ
SKRWRV\QWKHVLVUHODWHG SDUDPHWHUV DQG K\GURSRQLF 387 SUHWUHDWPHQW LQFUHDVHG VKRRWϯϱϬ
ϭϱ
ELRPDVV SURGXFWLRQ FKORURSK\OOD IOXRUHVFHQFH SDUDPHWHUV DQG FKORURSK\OO FRQWHQW XQGHUϯϱϭ
FDGPLXPVWUHVVFRQGLWLRQV ,QFRQWUDVWVSUD\LQJZLWK63'DQG630 ZHUHIRXQGWRUHGXFHϯϱϮ
&GVWUHVVLQGHWDFKHG ULFHOHDYHVZKLOH387GLGQRW+VXHWDOϯϱϯ
6HYHUDO VWXGLHV KDYH GHPRQVWUDWHG WKH SURWHFWLYH UROH RI 3$V DJDLQVW YDULRXV VWUHVVϯϱϰ
IDFWRUV WKURXJK WKH UHJXODWLRQ RI FDWLRQ FRQFHQWUDWLRQ DQWLR[LGDQWV SKRWRV\QWKHVLVϯϱϱ
SK\WRKRUPRQHVDQGJHQHH[SUHVVLRQ0LQRFKDHWDO3iOHWDO,WLVHYLGHQWWKDWϯϱϲ
LQGLYLGXDO3$V38763'RU630KDYH GLIIHUHQW HIIHFWVPDLQO\GXH WRGLIIHUHQFHV LQ WKHϯϱϳ
3$PHWDEROLVPLQGXFHGLQWKHSODQWE\3$WUHDWPHQW:KHQDSSOLHGK\GURSRQLFDOO\ 387GLGϯϱϴ
QRWLQGXFH DQ\ QHJDWLYHFKDQJHVLQHLWKHUZKHDWRUPDL]HSODQWVZKLOHWKHVDPHFRQFHQWUDWLRQϯϱϵ
RIKLJKHU3$V63'DQG630 LQGXFHGJURZWKLQKLELWLRQDQGR[LGDWLYHVWUHVVHVSHFLDOO\LQϯϲϬ
PDL]HZKLFKFRXOG EHH[SODLQHGE\WKHKLJKDFFXPXODWLRQRI387LQ WKH3$F\FOH6]DODLHWϯϲϭ
DO ,QWKHSUHVHQWH[SHULPHQWZHIRFXVHGRQ WKHFRPSDULVRQRIWKHHIIHFWVRIGLIIHUHQWϯϲϮ
3$WUHDWPHQWVRQZKHDWSODQWVXQGHU&GVWUHVV LQYROYLQJFKDQJHVLQ WKH3$PHWDEROLVP ,Qϯϲϯ
WKHILUVWH[SHULPHQWRQO\63'VVLQFUHDVHG WKH630FRQWHQWLQWKHOHDYHVZKLOHLQWKHVHFRQGϯϲϰ
H[SHULPHQW387K\G RU 63'K\G LQFUHDVHGWKH387DQG63'FRQWHQWV HVSHFLDOO\LQWKHURRWVϯϲϱ
DQG WKH 630 OHYHO RQO\ URVH LQ WKH URRWV VXJJHVWLQJ WKDW 387 RU 63' XSWDNH UHVXOWHG LQϯϲϲ
IXUWKHU V\QWKHVLV WR 63' RU 630$V DOVR UHSRUWHG E\ RWKHU DXWKRUV *URSSD HW DO ϯϲϳ
 WKHJUHDWHVWLQFUHDVHLQ3$FRQWHQWLQGXFHGE\&GZDVREVHUYHGIRU387LQWKHOHDYHVϯϲϴ
DQGURRWVRIZKHDWSODQWVLQERWKWKHH[SHULPHQWVZKLFKFDQEHH[SODLQHGE\WKHLQFUHDVHGϯϲϵ
JHQH H[SUHVVLRQ OHYHO RI $'& $OWKRXJK WKH FRPELQHG WUHDWPHQWV 387VV&G 63'VV&GϯϳϬ
DQGHYHQ387K\G&GUHVXOWHG LQVLPLODU3$SDWWHUQV63'K\G&GFDXVHGKLJKHU OHDI387ϯϳϭ
DFFXPXODWLRQ WKDQ WKHFRUUHVSRQGLQJ &GWUHDWPHQW 7KH3$SRRO LVG\QDPLFFKDQJLQJRYHUϯϳϮ
WLPHDV3$VXQGHUJRUDSLGLQWHUFRQYHUVLRQLQWKHSRO\DPLQHF\FOH3iOHWDO7KHPRVWϯϳϯ
DEXQGDQW3$VDUH38763'DQG630LQWKHRUGHURIWKHV\QWKHVLVSDWKZD\EXWXVXDOO\63'ϯϳϰ
LVWKHPRVWGRPLQDQW3$LQZKHDW3$SRROLVLQIOXHQFHGE\WKHDJHRIWKHSODQWVDVKLJKHUϯϳϱ
ϭϲ
3$OHYHOFDQEHIRXQGLQ\RXQJVHHGOLQJVFRPSDUHGWKHROGHURQH WKHFRQWHQWVRI3$DOVRϯϳϲ
FKDQJH GXULQJ WKH GD\ IXUWKHUPRUH GLIIHUHQFHVPD\ RFFXUV EHWZHHQGLIIHUHQW RUJDQV URRWϯϳϳ
VWHP OHDI RU VHHG XSSHU DQG ORZHU OHDYHV RU EHWZHHQ EDVDO DQG DSLFDO OHDI VHJPHQWVϯϳϴ
3DVFKDOLGLV DQG5RXEHODNLV$QJHODNLV  3ODQWV WU\ WRPDLQWDLQ DQ RSWLPXP3$ SRROϯϳϵ
DQG3$UDWLR DVWKHDFFXPXODWLRQRI387 LQWKHSUHVHQWH[SHULPHQWUHVXOWHGIURPWKHXSWDNHϯϴϬ
RI387 387K\G&G RU WKH EDFNFRQYHUVLRQ RI WKH63' WDNHQXS WR387 63'K\G&Gϯϴϭ
OHDGLQJ WR D KLJK 38763'630 UDWLR KDV EHHQ UHSRUWHG WR UHVXOW LQ SODQW LQMXU\ XQGHUϯϴϮ
VWUHVV FRQGLWLRQV 6KX HW DO  7KDWPD\ DOVR EH WKH UHDVRQZK\ WKH LQKLELWLRQ RI WKHϯϴϯ
H[SUHVVLRQ RI 2'& ZDV IRXQG LQ 387K\G&G DQG 63'K\G&GWUHDWHG SODQWV 6XSSOϯϴϰ
)LJ 7KHUHVXOWLQJKLJK387OHYHOLQ63'K\G&GWUHDWHGSODQWVPD\KDYHQHJDWLYHHIIHFWVϯϴϱ
DVVKRZQE\WKHGHFUHDVHLQELRPDVVSDUDPHWHUV DQG FKORURSK\OOFRQWHQW DQGWKHKLJKHVW&Gϯϴϲ
DFFXPXODWLRQ LQERWK WKH OHDYHV DQG URRWV $OWKRXJK LQFUHDVHG3$FRQWHQWZDV IRXQG WREHϯϴϳ
UHVSRQVLEOH IRU WKH &GLQGXFHG GDPDJH WKH LQKLELWLRQ RI 387 V\QWKHVLV FRXOG QRW UHVWRUHϯϴϴ
QRUPDOURRWJURZWKLQZKHDWSODQWV*URSSDHWDO 7KHXQFRQWUROODEOHLQFUHDVHLQWKHϯϴϵ
387OHYHOPD\DOVRH[SODLQ WKHQHJDWLYHHIIHFW RIKLJKHU3$V 63'DQG630REVHUYHG LQϯϵϬ
PDL]H6]DODLHWDO+RZHYHU63'KDVEHHQUHSRUWHGWRVWLPXODWHURRW&GXSWDNHEXWϯϵϭ
QRW WUDQVORFDWLRQ LQWR WKH OHDYHV RI %UDVVLFD MXQFHD $RXQ HW DO  63' DQG 630ϯϵϮ
WUHDWPHQWV GHFUHDVHG WKH &G FRQWHQW LQ GHWDFKHG ULFH OHDYHV +VX DQG .DR  ,Q WKHϯϵϯ
SUHVHQW H[SHULPHQWV &G WUHDWPHQWV LQ FRPELQDWLRQ ZLWK 63' UHVXOWHG LQ WKH KLJKHVW &Gϯϵϰ
DFFXPXODWLRQ LQ WKHURRWVKRZHYHU WKH WUDQVORFDWLRQRI&G LQWR WKH OHDYHV LQ63'K\G&Gϯϵϱ
WUHDWHGSODQWVZDV QRW DV LQWHQVLYH DV LQ WKH FDVH RI387K\G&G WUHDWPHQW 3$VZHUH DOVRϯϵϲ
IRXQGWRKDYHDPHWDOFKHODWRUIXQFWLRQ*URSSDHWDO:HQHWDOLQGLFDWLQJDϯϵϳ
UHODWLRQVKLSEHWZHHQPHWDOWR[LFLW\DQGWKHSDWWHUQRI3$DFFXPXODWLRQDVUHFHQWO\UHSRUWHGϯϵϴ
LQWKHFDVHRIULFH3iOHWDOEXWLWKDVQRW EHHQGHPRQVWUDWHGFOHDUO\\HWZKHWKHU3$ϯϵϵ
&GFRPSOH[HVDUHDVHIILFLHQWO\FRPSDUWPHQWDOLVHGWRYDFXROHVDV3&&GFRPSOH[HVϰϬϬ
ϭϳ
&GDQG3$WUHDWPHQWVPD\LQIOXHQFHWKHH[SUHVVLRQOHYHORI$'&DQG2'&JHQHVDVϰϬϭ
LWZDVIRXQGLQD SUHYLRXVVWXG\RQULFH3iO HWDO+RZHYHUFKDQJHVLQ3$FRQWHQWϰϬϮ
QRW DOZD\V FRUUHODWHGZLWK H[SUHVVLRQ OHYHO RI WKH JHQHV DV SRVWWUDQVFULSWLRQDO UHJXODWLRQϰϬϯ
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